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The exclusive photon-photon production of the K-meson pairs has been analyzed 
^ within the partonic model of QCD for the kinematical conditions of BELLE exper- 

o 

£NJ ' iment. The cross section dependences on partonic masses, charges, and a shape of 
^— > ■ 

O ■ K-meson wave function have been studied for the process under discussion. 

o 

OO 

r" 1 : 1. INTRODUCTION 

> 
ON 

Not long ago the angular distributions for the process 77 — > K + K have been measured 

O ' 

by BELLE collaboration at energies 2.4-4.1 GeV [1]. The obtained results are in satisfactory 

in 

agreement with the predictions of article [2], where the amplitude of exclusive production of meson 
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pairs had been performed as the amplitude T# of hard production of four partons convoluted with 



the parton amplitude distributions (j)(x, Q) of the final mesons (x is a momentum fraction carried 
^ ■ by valence parton and Q is a interaction scale): 



><: A= 1 1 dxdy<p*(x,Q)<j>*(y,Q)T H . (1) 



The amplitude Th of a hard subprocess of four massless quark production 77 — > qqqq was calculated 
in the frame work of perturbative QCD. It was rather difficult task because one need to take into 
account 24 Feynman diagrams of 0(a 2 a 2 s ). 

The following parameterizations were used for cj)(x,Q): 

<f>{x,Q)~x{l-x), (2) 

(/)(x,Q)~[x(l-x)}K (3) 

r 



<j>(x,Q)~6[x-l). (4) 
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Transverse momenta of parton inside mesons, as well as partonic masses were neglected. 

Now-days the wave function parametrization (2) is the most used for the study of processes 
with light mesons within the light-cone thechnique. The parametrization (3) was used in work 
[2], as an example of a function with a large partonic momentum dispersion. On the contrary, 
the wave function (4) describes a meson with fixed momenta of constituent partons. The latter 
parametrization has been used many times to study the processes with heavy quarkonia (see 
for example a set of papers devoted to _E> c -production in different interactions [3]). Also the 
parameterization (3) has been used by us to estimate the production cross sections and the charge 
asymmetries in the charm meson photoproduction [4]. 

One of the aims of this study is to estimate the role of partonic masses in the inclusive photonic 
production of meson pairs. For this purpose we have taken into account the mass corrections in 
the hard process amplitude T H . 

The other aim of the research is to note one more time, that the values of partonic charges 
influence strongly the shapes of differential distributions. Our calculations, as well as the results of 
[2] are indicative of the cardinal difference between the angle distributions for charged meson pairs 
and ones for neutral meson pairs. This difference is clearly seen from the formula for the cross 
section distribution over cosine of azimuthal angle O in c.m.s. for the production of pseudoscalar 
meson pairs, which had been obtained in [2]: 



da (ei - e 2 ) 4 2eie 2 (ei - e 2 
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+ — 9[&, 0] + 2(2e ie2 ) V [©, <j>], (5) 



d cos O sin O 4 sin O 2 

where g[Q, 0] is a function of angle and of 0(x), t\ and e 2 are the quark charges (the charges of 
produced mesons are equal to ±(ei — e 2 )). It is worth to underline that the both terms in (5) can 
contribute essentially to K + K~-p&ir production process. That is why the approximation to the 
cross section in the form of 1/ sin© 4 , which was used in [1], does not take into account all features 
of the model under discussion. For example, for the 5-shaped amplitude (f>(x) and for massless 
partons g[Q,<j)] = 1 and the cross section of K + K~-p&ir depends on O as follows: 

da 1 4 

dcos© ~ sin O 4 ~ 9 sin© 2 ' ^ 

Let us to note that the term proportional to 1/ sin 2 allows to slightly improve the description of 
experimental data published in [1]. 

As it was already mentioned above, the model under discussion predicts the essential difference 
between the cross section distributions for neutral meson pair production and for charged meson 
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pair production. It is especially interesting because the other models [5] does not predict an 
essential dependence of the differential cross section on parton charges. 

The third aim of the present work is to find-out the influence of a shape of <f>(x, Q) on the 
behavior of cross section distributions for massive partons, as well as massless ones. 



2. AN AMPLITUDE DISTRIBUTION AND A MASS OF A SYSTEM CONSTITUTED 

FROM TWO PARTONS 

Before to state the main results of the study let us return to the discussion of amplitude 
distribution shape to make two remarks about this. As it is mentioned above, the approximation 
(2) is the most used for the case of light mesons constituted from massless partons. The validity of 
parametrization (2) for calculations is widely discussed in the literature [6], and we do not consider 
here this question. Our observation concerns the other aspect of the problem. Let us suppose that 
the valence quarks q\ and q2 have the effective masses m qi and m q2 . Let us also suppose that 
these partons carry practically the total momentum of meson. Then neglecting their transverse 
momenta we obtain a following expression for the mass squared of such two parton system: 



m 2 (x) = x 2 p 2 + + (1 — x) 2 p 2 + m 2 



V\ (7) 



where x is a fraction of meson momentum p carried away by the parton q\. At large momenta 
m 2 (x) can be represented as 



m 2 (x) 



< + -=4-. (8) 



p^oo X 1 — X 

It is easy to show that the function m(x) reaches the minimum value m qi + m q2 at x 



in 



If m qi = m Q2 then m 2 (x) ~ l/(x(l — x)) and the amplitude (2) depends on x as l/m 2 (x). Thus, 
one could suppose that for unequal masses m qi and m q2 a following heuristic expression for the 
parton amplitude can be used: 

~ (7 + rb) • (9) 

where r = m qi /m q2 . At least, for the reasonable value of parameter r = 2 the received distribution 
is practically indistinguishable from one represented in work [7] for if-meson. 

The other remark is that even for a heavy quarkonium the value of m{x) can not be identify 
with the quarkonium mass because this mass can not depend on x. Nevertheless, we think that 
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a physical meaning have only the values of x, at which the difference between m(x) and the 
meson mass M not larger than a coupling energy value A. If the both quarks are heavy then 
M ~ m qi + m q2 , M ^> A, and we arrive at the following inequality: 

m(x) - m qi - m q2 < A. (10) 

In addition to that, if m qi = m q2 , then from (8) and (10) we obtain: 




Using (11) one can easy to estimate a region of reasonable value of x both for charmonium 
(0-3 < x < 0.7) and bottomium (0.35 < x < 0.65). 

Thus, following [2], one can essentially simplify the problem if suppose that the amplitude of 
exclusive production of meson pair can be subdivided into the hard amplitude of parton production 
and the soft adronization amplitude. But such a factorization cause the vagueness of meson mass. 
Different values of a; correspond to different values of a mass of system with two partons. In other 
words, we replace a meson with a fixed mass value to a wave package constituted by partons. 
Such an object can not be characterized by the definite mass value. Nevertheless, a rather wide 
region of x variable exits where the mass of two parton reach physically reasonable values as for 
light mesons, as for heavy ones. Therefore the factorization proposed in [2] is physically justified. 

3. CALCULATION RESULTS 

In the present work we do not concern the problem of absolute normalization of the cross section 
and discuss only the shape of cross section distribution with respect to cos O depending on the 
following factors: 

1. a value of meson charge, 

2. values of effective parton masses, 

3. a shape of parton amplitude (f>(x). 

At the present time there are many work [6] devoted to study of different parameterizations of 
parton amplitude and their behavior. Nevertheless, as it was experienced by previous calculations, 
the shape of parton amplitude can not be reconstructed in details from the behavior of cross section 
or decay width. The process under discussion is not an exception and the differential cross section 
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of the meson pair production allows us to determine only qualitative characteristics of the parton 
amplitude 4>{x). That is why use the rough model represented in [2] to obtain our predictions. 

The cross section calculations for -KT-meson production have been done within the following 
assumption sets about a parton amplitude shape and parton masses: 

1. s-quark mass equals to m s = 0.2 GeV, the masses of u- and <i-quarks equal to m q = 0.1 GeV 
and the momentum fractions carried by the partons are fixed: (f>(x) ~ 5(x — m s /{m s + m q )). 

2. m s = 0.2 GeV, m q = 0.1 GeV, and the parton amplitude are spread as much as possible: 
4>{x) = const > at 0.25 < x < 0.95 and (f>(x) = at other x. The region of x at which the 
parton amplitude reaches nonzero values has been estimated from the condition (10). 

3. The parton masses are negligibly small, and (f>(x) ~ 5(x — 2/3). 

4. The parton masses are negligibly small, and (f>(x) have a shape (9). 

Of course these extreme variants are not realized in the nature. However the study of the 
itemized assumption sets allows to better understand a new experimental data. 

Fig. la presents the normalized differential cross sections of pair production of charged K- 
mesons with respect to | cos9| for the process 77 — * K + K~ at 2.65 GeV for the supposition sets 
under discussion: (1) (solid curve), (2) (dashed curve), (3) (dotted curve), and (4) (dashed-dotted 
curve). The experimental data of Belle Collaboration are also given in Fig. la for comparison. All 
four sets describe data fairly well. Surprisingly, that the most fair description has been achieved 
for the variant (3) which can be approximated by the formula (6) with a high accuracy. However 
one can not come to a final decision. 

Fig. lb presents the differential cross sections of pair production of charged vector and pseu- 
doscalar if-mesons (77 — > K + K*~ (K* + K~)) normalized to the cross section value of pair produc- 
tion of charged pseudoscalar mesons. It is seen from Fig. lb that the cross section of the process 
under discussion depends on 9 as ~ cos 2 9/ sin 0. Also one can see that the relative yield of 
pseudoscalar-vector pairs for the "spread" parton amplitudes is essentially smaller than for the 
5-shaped one. 

As it is seen from Fig. lc for the case of massless partons the yield of the vector- vector pairs is 
smaller than for the case of massive ones. On comparing Fig. lc, la, and lb, it is clear, that the 
cross section of the process 77 — > K* + K*~ depends on | cosO| weaker than the cross sections of 
the processes 77 — > K + K~ and 77 — > K + K*~(K* + K~). 



6 



The differential production cross sections of the pairs of neutral pseudoscalar K-mesons are 
crucially differ from the cross sections obtained for the charged pair production. The cross section 
for process 77 — > K + K~ strongly depends on |cosG|. On the contrary, the distribution over 
I cos 9 1 for the process 77 — > K°K° is practically flat for the ^-shaped parton amplitude and 
slightly curved for the spread parton amplitude (see Fig. Id). 

It is clear from Fig. 4e, that the process 77 — > K K*°(K*°K ) is strongly suppressed in the 
case of massless partons. For the scheme (1) with massive partons and fixed parton momenta 
the cross section distribution over | cos©| with fair accuracy can be approximated by the function 
|1/ sin 3 0|. A spreading of parton amplitude within scheme (2) leads to the increase of the relative 
i^°K*°-pair yield and to the slight alteration of the distribution shape. 

The values of parton charges influence strongly the behavior of cross section distribution of 
pseudoscalar-pseudoscalar and pseudoscalar- vector pairs, whereas the distribution shape of vector- 
vector pair production practically does not depend on parton charges, as it is clear from comparing 
Fig. If and Fig. lc were the cross section distributions over |cos©| are shown the processes 
77 — > K*°K*° and 77 — > K* + K*~, correspondingly. 

Fig. 2 presents the same distributions as Fig. 1 but at the photon-photon interaction energy 
3.15 GeV. One can see that there is no essential difference between the distributions at 2.65 GeV 
(Fig. 1) and at 3.15 GeV (Fig. 2). 

4. CONCLUSIONS 

Our calculations show that the shapes of differential cross section of the pseudoscalar meson pair 
production in the photon-photon interaction is determined in general by the meson charge. For 
the process 77 — > K + K~ the distribution over cos O have a strongly marked peripheral character, 
whereas the analogous distribution for the process 77 — > K°K° is practically flat. It is worth 
to note that the partonic mass values and the shape of parton amplitude influence weakly the 
differential cross section behaviour. 

The differential cross section shapes of pseudoscalar-vector production are determined by the 
meson charge too. But the relative yield of pseudoscalar-vector pairs and vector-vector pairs 
depends essentially on the parton amplitude parameterization, as well as on the parton mass values. 
It is interesting that the prediction of cross section value for the process 77 — > K K*°(K*°K ) can 
be essentially reduced by using a spread parton amplitude, whereas the cross section value for the 
process 77 — > K + K*~(K* + K~) is more sensitive to the choice of parton masses values and shape 
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of parton amplitude. For the massless partons the cross section of the latter process is negligibly 
small independently on the chosen parton amplitude parametrization. 

The vector-vector pair production have a weakly marked peripheral character. The relative 
yield of vector-vector pair, as well as the shape of cross section distributions weakly depend on 
suppositions about both parton distributions and parton mass values. 

The neutral vector- vector pair production have a marked peripheral character for spread parton 
amplitudes and is practically isotropic for the 5-shaped amplitude. 

To conclude, the present research shows that all tree discussed factors (the meson charge value, 
the shape of parton amplitude, and the values of parton masses) can essentially influence the 
exclusive meson pair production in the photon-photon interaction. Nevertheless, the role of meson 
charge value must be especially stressed, because a change of meson charge leads to the most 
crucial change in the meson production. That is why it should be very interesting to compare the 
experimental results on the pair production of charged if-mesons [1] with experimental results on 
the pair production of neutral if-mesons. 
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Figure 1. The differential cross sections of if-meson pair production in the photon-photon interac- 
tion at 2.65 GeV with respect to |cos6| for the assumption sets under discussion: (1) m s = 0.2 GeV, 
m-u = md = 0.1 GeV, 4>(x) ~ 8{x — m s /(m s + m q )) (solid curve); (2) m s = 0.2 GeV, m u = md = 
0.1 GeV, (f)(x) = const > at 0.25 < x < 0.95 and <p(x) = at other x (dashed curve); (3) the 
parton masses are negligibly small, <j>(x) ~ S(x — 2/3) (dotted curve); (4) the parton masses are neg- 
ligibly small, 4>{x) have a shape (9) (dashed-dotted curve). See the text for the detailed explanation. 




Figure 2. The same as in Fig. 1, but for the interaction energy 3.15 GeV. 



